Introduction
Bone morphogenetic proteins (BMPs) compose a family of growth factors also known as cytokines and as metabologens (Reddi and Reddi, 2009) , they also belong to the family of TGF-β (Nana et al., 2015) , which induces bone formation , regeneration and participates in many important steps during early embryonic development and homeostasis of diverse tissues and organs through regulating cellular differentiation (Kobayashi et al., 2005) , proliferation (Chu et al., 2014; Peng et al., 2015) , apoptosis (Peterkova et al., 1998; Kawamura et al., 2002; Hallahan et al., 2003) and motility (Perez et al., 2011; Kim et al., 2015) .
BMPs play their role through a heteromeric receptor complex, which is composed of two types (type I and II) of serine-threonine kinase transmembrane receptors (Ghosh-Choudhury et al., 2002) . Three subtype I receptors have been shown to bind BMP ligands, namely: subtype, Ghassan Bassit 3 specification of positional information in the embryo and the skeletal and non-skeletal tissue arrangement (Hogan, 1996) . Recently, Bone morphogenetic proteins is used as the osteoinductive elements in many tissue engineering products as replacements for autogenous bone graft, and for bone augmentation and repair.
BMP2 plays complicated roles, including the promotion of cell survival, regulation of cell proliferation, functional differentiation, cell motility, self-renewal and apoptosis of embryonic stem cells (Kang et al., 2009) .
Recently many studies referred that BMPs play a pivotal role in tumor development (Sanders et al., 2014) , progression and bone metastasis (Kwon et al., 2010; Secondini et al., 2011; Mock et al., 2015) .
BMPs preserve the polarity of epithelial cells via intracellular signaling from BMP receptors. In polarized epithelial cells, BMP signals are transmitted from BMP receptor complexes exclusively localized at the basolateral surface of the cell membrane. Also, basolateral motivation with BMP increases the expression of components of tight junctions and increases the trans-epithelial resistance (TER) (Saitoh et al., 2013) 
Oral squamous cell carcinoma
Oral cancer refers to cancer occurring between the vermilion border of the lips and the junction of the hard and soft palates or the posterior one third of the tongue. As with most head and neck sites, squamous cell carcinoma is the most common oral cancer. This type of malignancies can arise in several places, but it is often preventable, and if diagnosed early is usually curable.
Oral squamous cell carcinoma (OSCC) composes About 95% of oral cancers in India (Krishna et al., 2014) . The most important risk factors for oral SCC are: use of tobacco or betel quid and the regular drinking of alcoholic beverages (Zaid, 2014) . However, infection with high-risk human papillomavirus (HPV) genotypes, and a diet low in fresh fruits and vegetables have also recently been implicated in the aetiopathogenesis of oral SCC (Petti, 2009) (Sasaki et al., 2015) .
The attention to BMPs and their role in oral cancers has increased as considerable progress has been made in this area. The present review summarizes the current knowledge on the roles played by BMPs -especially rh-BMP2-in oral squamous cell carcinoma.
Bone morphogenetic protein-2 and Cancer
The effects of BMP-2 on the malignant cells still controversial and are perhaps contingent upon the tissues and environment where they are expressed (Suzawa et al., 1999) .
Many researchers investigated the link between BMPs and cancer. many of them have pointed that several types of BMPs (such as BMP-2, BMP-4,BMP-6 and BMP-7) are implicated in many types of cancer tissues and also many studies reported their Dysregulation. (Mancino et al., 2008; Le Page et al., 2009; Aoki et al., 2011; Hu et al., 2013; Kim et al., 2015) .
In tumorigenesis, BMP2 signaling plays dual roles, functioning as cell context-dependent tumor suppressors or oncogenes , Therefore, perturbations in BMP2 signaling may lead to increased tumorigenesis. BMP2 ability to enhance tumorigenicity in vivo is mediated by stimulating angiogenesis, suppressing immune surveillance, or enhancing the degradation of ECM (Langenfeld and Langenfeld, 2004) .
It has been reported: when rh-BMP-2 utilized clinically in spinal fusion surgery, it appears to promote carcinogenesis at higher rates than monitored in the overall population. Furthermore, BMP and TGF-beta are correlated with the increased cancer growth in both; the clinic and the laboratory. (Epstein, 2014) .
The relationship between cancer cells and BMP-2 has been investigated in several studies. In a clinical research held by Carragee et al , spinal surgery with high-dose rhBMP-2 treatment led to four-fold increase in the number of newly formed malignancies after 24 months, compared to the untreated group, and the discrepancy increased after 60 months (Carragee et al., 2011) .
Carragee et al also evaluated the influence of recombinant human bone morphogenetic protein-2 (rhBMP-2) in-vitro on the growth/invasiveness of cancer and have found that : A high dose of 40 mg of rhBMP-2/ CRM in lumbar spinal arthrodesis was associated with an increased risk of new cancer. (Carragee et al., 2013) BMP-2 reduces cellular proliferation of most cancer types such as colorectal, hepatocellular, osteosarcoma and renal cancer (Togo et al., 2008; Qiu et al., 2010; Wang et al., 2011; Wang et al., 2015) . This protein has a certain roles in many tumors like lung cancer (Bieniasz et al., 2009; Fei et al., 2013) where The serum BMP-2 level is positively correlated with clinical stage and may serve as an independent negative predictor for prognosis (Fei et al., 2013) , it also has no effects on prostate cancer growth or proliferation (Feeley et al., 2006) .
Studies on oral, breast, gastric, colon, bladder and pancreatic cancer revealed that BMP-2 affects positively on the invasiveness of these cancers. (Clement et al., 2005; Kim et al., 2014; Kim et al., 2015) .
In cancer cells, BMP-2 was found to repress apoptosis induced by TNFα or by serum deprivation (Chen et al., 2001) and BMP-2 overexpression may modulate cellular motility and cellular adherence. The increased expression of BMP-2 in ovarian cancer tissues is associated with shorter survival in patients (Le Page et al., 2009 ).
BMPs and biology of oral cancer cells
Bone morphogenetic protein-2 (BMP-2) is the leading osteoinductive growth factor used clinically in bone-related regenerative medicine today, it has been used widely in the field of maxillofacial surgery and implantology.
(BMP-2)-containing bone grafts are recently considered as a useful regenerative materials for oral and maxillofacial surgery; however, several in vitro and in vivo studies previously indicated to the existence of cancer progression-related adverse effects caused by BMP-2 (Kim et al., 2014) .
The biological role of BMP-2 in OSCC has not been elucidated but the roles of BMPs in the biology of head and neck cancer cells have been recently intensively investigated. It is now known that BMPs are extensively involved in the regulation of cellular functions of the cancer cells, ranging from cell growth and death, cell migration, invasion and epithelial to mesenchymal transition (EMT).
Qiao et al suggest that BMP-mediated EMT constitutes one possible pathway for the development of CSCs (cancer stem cells) in the OSCC, implying a transient therapeutic opportunity if EMT can be interrupted early in the development of the neoplasm. (Qiao et al., 2011) 
BMP-2 and fibroblasts in OSCC
The influence of fibroblasts on oral cancer progression related to BMP-2 has not yet been considered, although stromal fibroblasts are known as essential and main host cell types in tumor microenvironments (Salo et al., 2014) . Cancer-associated fibroblast cells are responsible for the manufacturing of paracrine growth factors, proteolytic enzymes, and extracellular matrix (ECM) components, by which the combination of cancer epithelial cells and fibroblasts promote tumorigenesis and development of tumors that are wider than malignant epithelia alone (Salo et al., 2014) . DOI:http://dx.doi.org/10.7314/APJCP.2016.17.3 
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Interestingly, many studies has indicated that stimulation of dermal fibroblasts by BMPs can enhance the secretion of pro-tumorigenic factors, and the treatment with BMP in turn elevates pro-tumorigenic secreted factors such as IL-6 and MMP-3. These findings indicate that BMP may stimulate tumor progression within the tumor microenvironment (Owens et al., 2013) .
Fibroblasts act directly on the tumor cells to stimulate growth and evade apoptosis and also regulate the extracellular matrix or the microenvironment physical structure of the tumor by enzymatically modulating ExtraCellular Matrix (ECM) components such as , fibronectin, collagen and constituent of the basal lamina. Regulation of the stiffness and physical structure of the ECM can enhance the growth and metastatic dissemination of the tumor cells (Erler and Weaver, 2009) . Fibroblasts can also regulate angiogenesis by stimulating a new vessel growth to support tumors progression (Yang et al., 2008) .
BMPs have been considered to be global regulators of transcriptional networks, including the repression or silencing of genes (Koinuma et al., 2009 ). This family of growth factors, could have a unique function in fibroblasts came from a recent study demonstrating clear transcriptional reactions in human keratinocytes when compared to their underlying dermal fibroblasts. Intriguingly, a list of BMP motivated genes contained several factors that have been demonstrated to promote cancer progression, such as IL-11, CTGF, and ADAM12 (Fessing et al., 2010) .
Inhibition of BMP signaling in fibroblasts may provide a successful adjuvant to current therapies, given that fibroblasts are usually released from mutations found within the tumor (Campbell et al., 2009) .
In many tissues like the renal interstitial, BMP-2 is supposed to have the potential to attenuate TGF-β1-induced fibrosis by attenuating Snail expression and reversing EMT process (Yang et al., 2011) but still no evidences or sufficient studies on the oral mucosa.
BMP and cell cycle / proliferation.
The balance between both differentiation and proliferation is essential for proper formation of various tissues and organs. If this balance is lost, then it would lead to the tumorigenesis. In normal cells such as muscle satellite cells descendants, BMP signaling plays a p role in balancing differentiation and proliferation of activated cells. Initially, BMP signals preserve satellite cells descendants in a proliferating state thereby expanding cell numbers. After cells are committed to differentiate they raise the expression of the BMP inhibitor Chordin, thereby supporting terminal differentiation and myotube formation in a negative feedback mechanism. (Friedrichs et al., 2011) .
BMPs play important roles on Primordial germ cells (PGC) specification. BMP4 emanating from the extra embryonic ectoderm and BMP2 from the visceral endoderm induce the phosphorylation of SMAD1 and SMAD5, which form a complex with SMAD4. This complex moves into the nucleus and presumably binds enhancers and promoters of genes that are required to establish PGC fate. In addition, BMP signaling leads to direct or indirect activation of WNT3. (Gunesdogan et al., 2014) mostly, WNT3 signaling leads to suppression of GSK3, which in turn causes the stabilization of β-CATENIN. β-CATENIN moves into the nucleus and binds with LEF1/TCF leads to activating the transcription of various target genes including c-jun, c-myc, fra-1, cyclinD1 urokinase-type plasminogen activator receptor, then leading the tumor cells to proliferation, EMT, migration, and invasion. (Zaid, 2014) (Figure 1) .
BMPs are able to regulate the growth of cancer cells. The cellular response is influenced by the individual BMP. Some BMPs show an inhibitory effect on proliferation of cancer cells, while others have a reverse effects.
BMP-2 inhibit the proliferation of cancer cells in the breast (Arnold et al., 1999) . while, other BMPs may indirectly promote the proliferation of breast cancer cells, such as BMP-4 (Montesano et al., 2008) .
BMPs can also co-regulate the growth of cancer cells induced by non-cytokine agents. For example, the up-regulation of p21 by BMP-2 can also prevent EGFinduced proliferation of cancer cells (MDA-MB-231) (Ghosh-Choudhury et al., 2000) . BMP-2 has a direct anti-proliferative effect on tumor cells at a very high concentration (1 μg/ml) in vitro (Soda et al., 1998) . Interesting ,the regulation of p21 expression by BMP-2 was mediated by Type-I receptors, Smad-1 and Smad-4. (Pouliot and Labrie, 2002) .
BMP-2 and the epithelial to mesenchymal transition
Epithelial to mesenchymal transition (EMT) is a biological process required in the embryonic development for the formation of tissues which cells originate in locations far from their final destination. Cancer cells hijack this program for tumor dissemination (Ocana et al., 2012) . EMT not only causes a disruption of epithelial promoters and enhancers of genes, leading to direct or indirect activation of WNT3, Most likely, WNT3 signaling causes the inhibition of GSK3, which causes the stabilization of β-CATENIN. β-CATENIN moves into the nucleus and together with LEF1/TCF lead to the cellular proliferation ,migration, invasion and epithelial to mesenchymal transition homeostasis which may lead to carcinogenesis, it can also transform the indolent tumour cells into a more aggressive colony, leading to metastasis.
Studies showed that the bone morphogenetic proteins can enhance the reprogramming by activating EMT and the blockage of BMPs pathway would impair the reprogramming process (Samavarchi-Tehrani et al., 2010) .
Kang et al indicated that prolonged BMP2 exposure of many cellular lines caused a destruction of E-cadherinmediated cell-cell contact and gain of a mesenchymal phenotype, which led to the increased cellular motility and invasiveness, also they found that obstruction of BMP2 signaling by BMP2 siRNA induced MET, indicating that BMP2 induces EMT and controls motility and invasiveness of cancer cells and plays an important role in promoting late-stage tumor progression (Kang et al., 2009) .
Many recent studies suggested that BMP-2 induces EMT in gastric and pancreatic cancer cells, and this contributes to increased motility (Kang et al., 2010) , However, the contribution of BMP-2 to EMT and its associated invasiveness in OSCC cells have not been yet characterized.
BMP-2 and invasiveness of tumour cells
Tissue invasion is of the six acquired capabilities of cancer cells as described by Hanahan and Weinberg (Hanahan and Weinberg, 2000) . Kang et al, indicated that an increased concentration of BMP-2 strongly enhanced motility and invasiveness in gastric cancer cells, whereas no increase was noticed in cells treated with either Noggin (a BMP-2 inhibitor) or BMP-2 blocking antibodies. In vitro studies demonstrated that rhBMP-2 promotes the invasiveness of several human oral squamous cell carcinomas cell lines, and this effect is dependent, in part, on the baseline gene expression of BMP-2. This effect was observed for cell lines that demonstrated gene expression of BMP-2 (Kokorina et al., 2011 ). Zhou et al. (2006 analyzed 25 tongue squamous cell carcinomas by gene microarrays and qPCR analyses and revealed that BMP-2 expression may be in relation with lymph node metastasis (Zhou et al., 2006) .
Kim et al suggested that 1 ng/ml rhBMP-2 may induce invasion of oral squamous cell carcinoma (OSCC) cells mediated by CCL5 release. Therefore, they advise to have a careful clinical examination before using rhBMP-2-containing biomaterials to prevent cancer progression. Additionally, malignant tissues adjacent to the defective areas should be treated or removed in advance to eliminate the possibility of adverse effects caused by rhBMP-2 (Kim et al., 2014).
rhBMP-2 and tumour related angiogenesis
Angiogenesis is an essential event during the development and progression of both primary and secondary tumours. Langenfeld provided many evidences that BMP-2-induced angiogenesis occurs at least, in part, by stimulating endothelial cells. BMP-2 enhances tube formation, induces phosphorylation of Erk-1/2, Smad 1/5, and increases Id1 expression and that lead to activating endothelial cells (Langenfeld and Langenfeld, 2004) . Erk-1/2 regulates several critical cellular functions in endothelial cells including proliferation and tube formation (Liu et al., 2001) ,Also many investigators indicated that Id has an essential role in mediating an angiogenic response during the embryonic development and on postnatal endothelial cells (Benezra, 2001) .
The only available study on oral squamous cell carcinoma was held by Gao et al and they found that Exposing of OSCC cells to BMP-2 does not stimulate proliferation or angiogenesis (Gao et al., 2010) .
rhBMP-2 and it's signalling play a profound role in the progression of Oral squamous cell carcinomas. Further investigation will elucidate the mechanisms underlying the involvement of BMPs in OSCC. It will expand current understanding for the pathogenesis and may provide clues for developing novel therapies in managing advanced diseases. Growth Factor Rev, 20, 341-2. Saitoh M, Shirakihara T, Fukasawa A, et al (2013 
